Background. Recent studies of risks in cardiopulmonary arrest (CPA) have been performed using large databases from a broad mix of hospital settings. However, these risks might be different in a large, urban, academic medical center. We attempted to validate factors influencing outcomes from CPA at the University of Maryland Medical Center (UMMC). Methods. Retrospective chart review of all adult patients who underwent CPA between 2000 and 2005 at UMMC. Risk factors and outcomes were analyzed with appropriate statistical analysis and compared with published results. Results. 729 episodes of CPA were examined during the study period. Surgical patients had better survival than medical or cardiac patients. Intensive care unit' (ICU) patients had poor survival, but there was no difference on monitored or unmonitored floors. Respiratory etiologies survived better than cardiac etiologies. CPR duration and obesity were negatively correlated with outcome, while neurologic disease, trauma, and electrolyte imbalances improved survival. Age, gender, race, presence of a witness, presence of a monitor, comorbidities, or time of day of CPA did not influence survival, although age was associated with differences in comorbidities. Conclusions. UMMC risk factors for CPA survival differed from those in more broad-based studies. Care should be used when applying the results of database studies to specific medical institutions.
Introduction
Since the introduction of closed chest compressions in 1960 [1] , cardiopulmonary resuscitation has become the standard intervention in CPA. The ensuing five decades have seen many advances in resuscitation techniques, including the development of Advanced Cardiac Life Support (ACLS) procedures and comprehensive postarrest care [2] . However, the survival-to-discharge rates of 15-20% are little changed, and survival with good quality of life is rare [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Given the low success rate and high cost of in-hospital ACLS, an accurate understanding of predictors of survival from CPA could improve decision making for patients, families, healthcare providers, and healthcare payers when considering the appropriate application of resuscitation efforts. Factors previously shown to predict poor CPA outcomes, although with variable strength, consistency, and patient populations [14] , include: CPA during off-hours [13, [15] [16] [17] , longer duration of CPR [18] , delayed initiation of CPR/ defibrillation [17] [18] [19] , comorbidities [6, 9, 12, 18, [20] [21] [22] [23] [24] [25] , unwitnessed (versus witnessed) arrest [9, 13, 23] , primary cardiac (versus primary respiratory) arrest [9, 13, 25] , pulseless electrical activity (PEA) or asystole (versus ventricular tachycardia (VT) or ventricular fibrillation (VF)) [9, 13, 16, 20, 25, 26] , African-American race [27] , increased age [9, 16, 18, 20, 23, 24, [28] [29] [30] , and decreased BMI [25, 31] . There are some data to suggest that hospital bed type may influence outcomes [9, 12] .
There has been increased use of the National Registry of Cardiopulmonary Resuscitation (NRCPR) to report outcomes and assess risk factors from a far larger and more diverse patient population that can be done in smaller studies 2 Journal of Critical Care Medicine [15, 27, [32] [33] [34] . We were interested in determining whether factors influencing CPA outcomes were similar in our large urban academic medical center, which features experienced intensivists managing patients during and immediately after arrest. We present a retrospective review of all resuscitation attempts at the UMMC from 2000 to 2005, examining patient demographics, arrest characteristics, comorbidities, unit and service type, and witnessed status on survival. We hypothesized that there would be important differences in outcomes and risk factors from our institution, with its different patient populations and CPA/post-CPA management, from those in the broad-based medical literature. Any significant differences could be critically important in decision making regarding resuscitation attempts at institutions whose patient population differs from those in the aggregate NRCPR database.
Methods
This study was approved by the UMMC IRB as H-0023774.
Study Population.
All patients over 18 years of age who underwent CPA between the years 2000 and 2005 in any location in the UMMC, including the emergency room, unmonitored floor units, telemetry units, ICUs, the dialysis unit, and the radiology suite, were included in the study. Patients were excluded if their arrest occurred while being in transit to the hospital or prior to arrival to the emergency room.
Study Design.
CPA was defined as activation of a "Code Blue, " with loss of a palpable pulse or respiratory arrest. At the UMMC, a tertiary care university hospital that has 669 floor beds and 265 intensive care beds, nursing fills out a standardized arrest form at every "Code Blue. " These forms are saved and abstracted into a Microsoft Excel database by the Anesthesia Department and includes documentation of time and location of CPA, treatment given, cardiac versus respiratory etiology, length of resuscitative efforts, whether the CPA was witnessed or not, and outcome. Cardiopulmonary resuscitation was performed according to the American Heart Association Guidelines [35] per hospital policy.
Variables.
Return of spontaneous circulation (ROSC) was defined as organized electrical activity on a monitor accompanied by a palpable pulse. Identified patients underwent chart review to obtain demographic data, hospital diagnoses, comorbid medical conditions, admission service, and discharge status. We defined 3 levels of inpatient bed types: "unmonitored, " representing a typical floor hospital bed, "monitored, " with continuous cardiac telemetry, and "intensive care, " describing medical, surgical, or cardiac beds with ICU level nursing care and monitoring. "Witnessed arrests" were defined as the presence of an identifiable person (typically nursing or nursing assistants) witnessing the onset of CPA. Demographic data collected included age, sex, and race. Admission services were medicine, surgery, and cardiology. Etiology included primary respiratory or primary cardiac as documented on the arrest form. Major comorbidities were obtained from discharge ICD-9 codes (neurologic disease, alcoholism, cardiovascular disease, respiratory disease, renal disease, endocrinopathy, gastrointestinal disease, diabetes, hypertension, trauma, cancer, infectious disease, electrolyte abnormality, tobacco use, HIV/immunosuppression, and obesity). Composite comorbidity was measured using the Charlson Comorbidity Index (CCI) [36, 37] with the Deyo modification [38] . This well-validated index contains 17 categories of comorbid conditions, derived from ICD-9 discharge codes, each assigned a weight from 1 to 6 (maximum score = 33). ROSC and discharge disposition (home or long-term facility) were recorded. In patients with more than one arrest, each event was treated as separate and independent if separated by more than 24 hours (representing 2.7% of events).
Statistical Analysis.
Statistical analysis was performed using GBStat v9.0 (Dynamic Microsystems) and Sigmastat v11.0 (Systat). Data were compiled as mean ± SD. Testing for differences between means was done using Student's t-test for paired or unpaired variates or ANOVA as appropriate. Frequency data were tested using chi-square with continuity correction. Survival was defined as survival to discharge. To determine predictors of survival, demographic and patient characteristics were analyzed using univariate logistic regression. Those variables found to predict survival from CPA were then entered into a multivariate logistic regression model. The null hypothesis was tested at the two-tailed, 5% level. Finally, association of age with comorbidities was analyzed with a Mann-Whitney test (for nonnormally distributed data) and with a Student's t-test for unpaired variables (cardiovascular disease was normally distributed).
Results
During the study period, 729 arrests occurred in 709 patients. Table 1 details patient demographics, admission service, and bed type for these patients. 476 (67%) were male, with an average age of 58 ± 16 years. Caucasian and African Americans comprised 349 (51.8%) and 290 (43%) of patients, respectively. Most patients had a surgical or medical admitting service, with 122 (16.7%) on cardiology. The majority of arrests, 453 (62.1%), took place in an ICU.
Characteristics of arrest and the outcomes of resuscitation are shown in Table 2 . The average duration of CPA was 24 ± 22 minutes, and CPAs were evenly distributed throughout the day. 377 (50.8%) CPAs were cardiac, 185 (24.9%) were respiratory, and in 180 (24.3%) the type of arrest could not be determined. Most arrests were witnessed 649 (91.4%) and monitored (84.2%). 383 (53.9%) patients had a return of initial circulation following the resuscitation attempt, 150 (21.3%) survived to discharge, and 70 (9.6%) were discharged home.
Demographic and arrest variables which predicted survival are shown in Table 3 . Surgical admission was associated with significantly greater survival (29%) than medical (14%) or cardiac (16%) admission. ICU patients had significantly worse survival (14%) compared with patients on monitored (36%) or unmonitored (33%) beds; there was no difference in survival between CPA on monitored or unmonitored floors. CPAs of respiratory etiology were associated with greater survival (35%) versus those of cardiac (17%) etiology. CPA that did not predict survival were age, gender, race, presence of a witness, presence of a monitor, and time of day of CPA.
We assessed the influence of comorbidities on CPA outcome, using both a cumulative measure of chronic comorbidities (Charlson comorbidity index) and individual major system involvement. The Charlson index was not predictive of CPA survival (Table 4) , with no significant difference in survival between patients in the lower or upper quartiles of scores.
In analysis of specific major system comorbidities (Table 5 ), 6 systems yielded significant effects on univariate analysis. We found, somewhat surprisingly, that neurologic diseases, trauma, and the presence of electrolyte disorders were associated with improved survival on multivariate analysis. Obesity significantly worsened survival, while the univariate negative effect of renal disease and HIV disappeared on multivariate analysis. The effect of age on comorbidities (Table 6 ) demonstrated a positive association of age with cardiovascular disease, pulmonary disease, diabetes, hypertension, and cancer. Negative associations with age were noted with trauma, infections, and HIV disease.
Discussion
The predictors of survival for inpatient CPA were surgical versus medical or cardiac admission service, non-ICU bed versus ICU bed, respiratory arrest versus cardiac arrest, and shorter CPA duration. Demographic characteristics such as age, gender, and race were not predictors of survival, although age was influential in incidence of comorbidities. Similarly, witnessed status, being on a monitored unit, and time of day of CPA did not predict survival. While comorbidity in aggregate by the Charlson index did not predict outcome, certain major system in-hospital comorbidities were predictors of survival, including neurologic disease, trauma, electrolyte abnormalities, and lack of obesity. Our overall patient demographics, rate of return of spontaneous circulation, and survival to discharge were similar to those of prior studies of in-hospital CPA [7, 9, 15, 16, 25] . The Charlson comorbidity index is the most extensively studied comorbidity index [39] . Its predictive validity for mortality has been demonstrated in various settings, including critical care settings [37, [39] [40] [41] . It has been shown to have concurrent validity in comparisons with other indices of comorbidity and has favorable test-retest and interrater reliability [39] . We found that the Charlson index was not a predictor of either ROSC or survival to discharge, in concurrence with some published studies. For example, Taffet et al. found no association between the number of chronic conditions and CPA survival [23] . Müllner reported that premorbid conditions other than structural heart disease with poor functional status did not influence CPA outcomes [22] .
However, several studies have found associations between specific comorbidities, such as azotemia or malignancy, and poor CPA survival [23, 24] . We investigated whether a classification of comorbidities by major system involvement could define prognostic variables for CPA survival. We found that neurologic disease, trauma, and electrolyte abnormalities are associated with improved survival. It is likely that the positive association of these factors with CPA survival results from their amenability to specific treatments (i.e., respiratory support for neurologic conditions, surgical interventions in trauma, and electrolyte management). We also found that renal disease, HIV/immunosuppression, and obesity are associated with greater CPA mortality. Renal disease has previously been implicated in poor CPA outcome [24] . While obesity has been strongly associated with death from cardiovascular disease, its association with CPA mortality has not previously been shown [42] . In a multivariate logistic regression analysis, HIV/immunosuppression and renal disease were not predictors of CPA outcome, implying that the effects of these disorders are captured by including other systems. Race, sex, and age were not significant predictors of CPA survival in our patient population. Review of the literature reveals significant disagreement regarding the influence of age on CPA survival. While some studies assert better survival for younger patients [16, 18, 23] , others have found no association between age and CPA outcomes [6, 13, [28] [29] [30] . Neither our data did indicate a significant contribution of age per se to CPA outcomes, nor did age significantly influence the comorbidities associated with poor outcomes at our institution. Our data argues against the consideration of age in clinical decision making regarding resuscitation.
Hospital setting has been extensively studied as a contributor to in-hospital resuscitation outcome. Our data indicated that time of day, presence of a witness, or telemetry monitoring is not significant predictors of CPA survival. Recently, an analysis of a large nationwide arrest database indicated lower survival rates for in-hospital cardiac arrest during nights and weekends [15] . Some of the factors which may have contributed to consistent arrest outcomes regardless of time of day at the University of Maryland include the availability of intensivists for assistance with management during and immediately after arrest, the use of designated "code teams" to respond to arrests hospital-wide, and the liberal allocation of nursing staff to code teams and postarrest ICU care. Our data suggest that individual hospitals may be able to eliminate the disparities in arrest outcomes based on time of day. A more thorough, hospital-by-hospital analysis of staffing and resource allocation practices that may improve night and weekend arrest outcomes is warranted. Additionally, Journal of Critical Care Medicine 5 variation in intensity and quality of CPR and ACLS training might add to differences in outcomes of CPA at individual institutions. We could not detect an effect of monitoring on outcomes in our analysis, likely due to a very high use of telemetry monitoring in our patient population, with 571 (78.3%) of patients suffering arrests being in an ICU or telemetry setting. We found better outcomes for patients with a surgical rather than medical or cardiac admission service and worse survival to discharge for ICU versus monitored/unmonitored floor arrests. It is likely that the reduced survival among ICU arrest patients is due to more advanced and multisystem disease, as well as CPA despite an already increased level of monitoring and support in the ICU population.
The organ system primarily considered to be the cause of CPA serves as a predictor of survival in our study, with respiratory etiology having a more favorable outcome than cardiac etiology. This is consistent with prior studies suggesting that CPA with a primary respiratory etiology is more readily reversible [9, 25] . We also found that shorter arrest duration is associated with survival as has been reported in prior studies [16, 18] . Arrest duration likely reflects multiple factors such as extent of underlying disease, lag time between arrest and initiation of resuscitation efforts, and effectiveness of resuscitation itself. Prolonged arrest duration is also associated with poor end-organ perfusion, in part accounting for poor postarrest outcomes.
Trauma and surgical admissions suffering CPA demonstrated better outcomes than those in other settings. The reason for this is not clear from our analysis but certainly may relate to a more specific, recognized, and treatable set of complications that are found in trauma and surgical patients.
The major source of bias in any study of this type is the exclusion of patients in whom the decision was made to forgo resuscitation efforts. Characteristic patterns for these decisions will vary by country, specific patient population, and health-care provider culture, and while certainly influencing results in a study like this, they are very difficult to capture or quantify. One factor complicating the study of comorbidities in CPA survival is the possibility that the decision to attempt resuscitation may be influenced by comorbidities, excluding patients with more significant morbidity from inclusion in the dataset.
In summary, we examined the influence of patient demographic factors, comorbidities, organ system involvement, and arrest characteristics on survival to discharge in our large, urban, academic medical center with in house intensivist management of CPA and directing immediate postarrest care. Major predictors of survival for inpatient CPA identified in this study were admission service, CPA setting (ICU versus floor), primary etiology of arrest, and arrest duration. Age and other demographic factors did not predict survival. Furthermore, we found that the presence of a monitor, presence of a witness to the arrest, and time of day of arrest did not predict survival, suggesting that these factors are not critical to efficient response to CPA and effective resuscitation. Prehospital comorbidities as assessed by Charlson index did not predict survival, while specific major system comorbidities did predict outcomes. Our results suggest that while broad-based epidemiology of risk factors in CPA is useful, there are significant differences in these factors 6 Journal of Critical Care Medicine when applied to our specific institution. Therefore, hospitalsetting differences should be taken into account when making decisions regarding implementation of resuscitation efforts. Additionally, our particularly poor outcomes for CPA in ICU patients should merit an in-depth reevaluation of the benefit of offering resuscitation efforts to the majority of these patients.
Disclosure
All the authors had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
